Dietary carotenoids play an important role in preventing oxidative damage, cancer, ageing, etc. [1] [2] [3] A number of carotenoids and their oxidative metabolites have been isolated from human serum, milk and ocular tissues. 4) Khachik et al. have identied some metabolites of lycopene and lutein, (3R,6?R )-3-hydroxy-3?,4?-didehydro-b,g-carotene (anhydrolutein I) (1), 5) (2S*,5S*,6R*)-2,6-cyclolycopene-1,5-diol (4) and (2R * ,5R * ,6R * )-2,6-cyclolycopene-1,5-diol (7) , in human serum. 6) In particular, oxygenated lycopenes 4 and 7 have been identiˆed only in human serum, milk, organs and skin. Compound 4 exhibited in vitro upregulation of the connexin43 gene expression in 10T1 W 2 cell human keratinocytes. 7) Khachick et al. have also isolated compounds 4, 7 and (2S*,5R*,6R*)-1,16-didehydro-2,6-cyclolycopene-5-ol (5) as products from mCPBA oxidation of lycopene and subsequent acidic hydrolysis. 8) However, only two of the four possible diastereoisomers of 2,6-cyclolycopene-1,5-diol were isolated. We were interested in the stereochemistry of oxygenated lycopene with aˆve-membered endgroup. In an earlier paper, we reported the isolation of compound 4 from tomato puree. 9) In this paper, we report the isolation of (2S*,5S*,6R*)-2,6cyclolycopene-1-methoxy-5-ol (2) (0.00017z) and (2S * ,5S * ,6R * )-1,16-didehydro-2,6-cyclolycopene-5-ol (3) (0.00017z) with the same relative stereochemistry as 4 and of (3R,6?R )-3-hydroxy-3?, 4?-didehydrob,g-carotene (anhydrolutein I) (1; 0.0003z) from tomato puree. Compound 1 was identiˆed as (3R,6?R )-3-hydroxy-3?,4?-didehydro-b,g-carotene (anhydrolutein I) by comparing its 13 C-NMR spectral data (Table 1) with those from the literature. 5) The absolute conˆguration of 1 ([a]D 25 ＋1709 acetone c0.01) was decided by its optical rotation ([a]D 25 ＋1859 acetone, lit.). 10) The presence of compound 1 in human serum has been reported, but it has not been found in nature.
The similarity of 13 C-NMR (Table 1 ) and 1 H-NMR chemical shifts between compounds 2, 3 and lycopene, and the 1 H-1 H COSY and HMBC spectra of compounds 2 and 3 indicate that these compounds had the partial structure of lycopene (C-7¿C-20?).
The molecular weight of compound 2 was established to be m W z 584 by EI-MS. UV absorption at lmax 430, 455 and 487 nm indicates a conjugated decaene chromophore. The 13 C-NMR (Table 1) The molecular weight of compound 3 was established to be m W z 552 by EI-MS data. UV absorptions at lmax 431, 455, and 487 nm indicate a conjugated decaene chromophore. The 13 C-NMR (Table 1 ) and 1 H-NMR chemical shifts of compound 3 are similar to those of compound 5 isolated by Khachick. 8) The 13 C-1 H COSY and DEPT spectra of compound 3 show that these seven carbons included a quaternary oxycarbon at d81.40 (C-5), two methine carbons at d50.65 (C-2) and d57.62 (C-6), two methylene carbons at d28.32 (C-3) and d39.56 (C-4), and two oleˆn carbons at d146.79 (C-1) and d110.25 (C-16). The correlations observed in the 1 H-1 H COSY spectrum indicate a partial structure of -C(4)H2-C(3)H2-C(2)H-C(6)H-C(7)H＝C(8)H-. The HMBC spectrum shows that the terminal group of this compound had a plinol skeleton. The 13 C-NMR spectrum of compound 3 is similar to that of (2S*,5S*,6R*) plinol (plinol A, 6). 11) The relative stereochemistry at the C-2, C-5 and C-6 positions was established on the basis of a NOESY experiment. The NOE correlations observed between H-6 and H-17, H-6 and H-18, and the lack of a NOE correlation from either H-6 or H-17 to H-2 indicate H-2 and H-6 to be trans, and H-6 and H-18 to be cis. Thus, compound 3 was found to be a (2S*,5S*,6R*)-1,16-didehydro-2,6cyclolycopene-5-ol. Khachick et al. have identiˆed compound 5 in the reaction of lycopene with mCPBA. 8) However, the spectral data reported for 5 are identical to those of 3. We have also observed the The relative stereostructure of these compounds is shown with R conˆguration at C(6).
formation of 3 in the oxidation reaction of lycopene with mCPBA. It is possible that the stereostructure of compound 5 is same as that of compound 3.
The formation of 2 and W or 3 can be rationalized via a carbocation as shown in Fig. 2 . Since C-6 of lycopene-5,6-epoxide is allylic, a stable allylic carbocation can be formed by the SN2 type of reaction, this then being attacked by the oleˆnic double bond. The addition of methoxy or water to the carbocation at C-1 leads to compounds 2 and 4. Dehydration of compound 4 may yield compound 3. Alternately, 3 may also be formed directly from the carbocation as shown in Fig. 2 .
These compounds, 1, 2, and 3, with 10 conjugated double bonds can be expected exhibit biological activity. It is important to elucidate the structure of oxygenated and dehydrated carotenoids and it will be interesting to investigate the correlation between activity and stereostructure. Further studies in this direction are now in progress.
Experimental
Isolation of compounds 1, 2 and 3 from tomato puree. Tomato puree (3 kg) mixed with Hy‰o Super-Cel and water was centrifuged three times at 8500×g for 20 min at 09 C. The resulting precipitate was dissolved in methanol and again centrifuged at 8,500 ×g for 20 min at 09 C, this process being conducted three times. The supernatant was extracted with CH2Cl2, and the extract was concentrated and chromatographed on slilca gel, eluting with hexane-acetone＝5:1 and methanol. The tail fractions eluted with methanol were subjected to HPLC on ODS C-30 (MeCN:MeOH:CH2 Cl2:Hexane＝85:10:2.5: 2.5) to give compounds 1 (9.0 mg), 2 (5.0 mg) and 3 (5.0 mg).
Compound 2 was a red amorphous powder.
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